methanol (20 ml methanol/ g fresh weight of tissue) at 4 C, transferred to a 250-ml Erlenmeyer flask, and shaken for 24 hr at 4 C. The homogenate was centrifuged at 1,545g for 10 min and the supernatant filtered through methanol-washed Miracloth (Chicopee Mills, Inc.), and taken to dryness in vacuo at 35 C. The sample was then frozen and stored at -20 C.
5Dept of Horticultural Science and Landscape Architecture. 6 Abbreviations: HPLC: high performance liquid chromatography; GLC-EC: GLC with electron capture detector; Kd: partition coefficients.
Although several organic solvents have been used for partitioning ABA, to our knowledge the literature does not contain a direct comparison of the effectiveness of such solvents. To achieve such a comparison, the partition coefficients were determined for the partitioning of ABA between water at four pH values and seven organic solvent systems commonly used for this purpose.
ABA standards (1 ,tg/ml) in charcoal-filtered, deionized, distilled H20 were adjusted to either pH 2.5, 5, 7, or 9 with 0.1 N HCI or 0.1 N KOH. Ten ml of the ABA standards were placed in 60-ml culture tubes and partitioned once against an equal volume of glass-distilled organic solvent. The organic fractions were removed and dried in vacuo at 40 C. The ABA in the control (no partitioning) was determined by taking to dryness a 10-ml ABA standard for each pH treatment. All samples were reconstituted in 1 ml of 5% (v/v) methanol in 0.2 N acetic acid. A 200-,lI aliquot was injected into a 316 stainless steel column (30 cm x 4 mm i.d.) packed with ,uBondapak C18 (Waters Associates). The sample was eluted with 0.2 N acetic acid in 45% (v/v) methanol at a flow rate of 4.5 ml/min, and a pressure of 262 to 290 bars. The ABA was detected with a fixed wavelength UV detector at 254 nm. The instrumentation used in this HPLC procedure is further described below.
The ABA eluted with a very narrow peak width which permitted quantification based on peak height.
Partition coefficients were determined as: Gas-Liquid Chromatography-Mass Spectrometry. Multiple ion detection was performed using a LKB 9000 combined gasliquid chromatograph-mass spectrometer (GC-MS). A glass column (1.4 m x 2 mm i.d.) packed with 3% OV-1 on Supelcoport 100/120 mesh was used. Helium was used as a carrier gas at a flow rate of 25 ml/min. The column and source temperatures were 220 and 290 C, respectively. The ionizing source was 70 ev. Data were reduced using a data acquisition system (digital mini computer, model PDP To test the usefulness of this partitioning sequence, the amount of ABA in a soybean seed extract was determined before and after each of the three partitioning steps involved. See Figure 1 for purification flow chart.
The results ( (Table II, experiment II) . Eighty-four per cent of the radioactivity was recovered when the sample was passed through the entire sequence (Fig. 1, sample point IV) . Most of the loss of radioactivity occurred while partitioning against methylene chloride at pH 9 (Fig. 1, sample point C) . It was difficult to obtain a clean phase separation at this step, presumably due to lipid-like, surface-active material in the seed extract.
In contrast, 98.9% recovery of radioactivity was obtained when the seed extract was simply centrifuged, microfiltered, and passed through the preparative HPLC column (Fig. 1, sample  point I) . The centrifugation and microfiltration were necessary to prevent the column from plugging, and yet caused no detectable loss of radioactivity. The Figure 2 . After 10 min of the linear program, the ABA was completely eluted from the column. The column was then flushed with 100% methanol in 0.2 N acetic acid for 15 min at 9.9 ml/min to remove the remaining nonpolar compounds. When the tissue is extracted with a less polar solvent (lower dielectric constant), such as 1-butanol, a solvent of similar polarity is required to clean the column. Initial conditions of the column were reestablished after flushing the column for an additional 15 min with 0.2 N acetic acid at 9.9 ml/min. The minimum time between sample injections of the preparative HPLC column using this column design was thus 70 min. The preparative HPLC procedure described may make it possible to recover and purify other plant hormones from a single extraction, since 80% methanol is a common extracting solvent for a number of plant hormones. Preliminary work in our laboratory demonstrated that t-zeatin, IAA, phaseic and dihydrophaseic acids were each readily resolved from the ABA fraction (Andersen, Brenner, Mondal, Hein and Brun, unpublished).
Analytical Quantification by GLC-EC. ABA quantification can be achieved by GLC-EC of plant extracts after a preparative HPLC procedure described above. Due to the selectivity of the electron capture detector for molecules with high electron affinity, very few compounds other than ABA were observed. With the detector used in this study, the lower limit of sensitivity was 10 pg ABA/injection.
A few problems were possible as a result of the minimum amount of sample purification used. A large quantity of organic compounds other than ABA was present in the ABA fraction from the preparative HPLC column. Some of these did not dissolve well in the 10% (v/v) methanol in ether solution used for methylation. To determine whether ABA was entrapped in the poorly dissolved components preventing complete methylation of all of the ABA, methanol was added initially to dissolve FIG. 3 . Absorbance (254 nm) of standard ABA (500 ng) g±Bondapak-NH2 (B) analytical HPLC columns. the sample, and then ether was added to the desired concentration. Concentrations of methanol from 10% to 50% in ether were found to have little effect on the final yield of methylated ABA.
After methylation, the sample was taken to dryness with N2 stream at 30 C and then reconstituted in a suitable solvent for GLC. Hexane, ethyl acetate, pyridine, and acetonitrile are commonly used solvents for this purpose. In choosing a solvent, the following considerations must be made: (a) ABA must be completely soluble; (b) solvent peak tailing must be minimal; and (c) the time required for the detector signal to return to base line between sample injections must be minimal. Hexane, ethyl acetate, and acetonitrile gave very little solvent peak tailing before the time of ABA elution, but did not completely dissolve the ABA sample. Pyridine completely dissolved the sample, but had a large solvent peak tailing.
A 10% (v/v) solution of pyridine in hexane was the final choice. The methylated sample was dissolved in 50 ,ul of pyridine to which 450 Al of hexane were added. Solubility in the pyridine was excellent and solvent peak tailing was acceptable. However, the choice of solvent can vary with the plant material examined, the GLC column packing material used, and with the electron capture detector employed. Therefore, one should examine carefully various solvents to achieve efficient, reproducible quantification of ABA by GLC-EC.
Multiple ion detection on GC-MS for the major fragments of ABA (91, 125, 134, 162, 190, m/e) (7) substantiated the presence of ABA in the seed sample. A fragmentation pattern characteristic of ABA was observed only at the retention time matching that of ABA standard.
Analytical Quantification by HPLC. Of the three HPLC columns examined, ,uPorasil and ABondapak-NH2 were found suitable for ABA quantification of a soybean seed extract following preparative HPLC as described above. (Fig. 3A) . The lower limit of detection was 500 pg ABA/injection, and quantification was linear to 20 ,ug using a UV detector (254 nm). Sample injections of 20 ,ul or 200 ,ul gave similar ABA quantification. Quantification of ABA from ,uBondapak-NH2 was achieved with 45% (v/v) acetonitrile in chloroform acidified with 0.17 N acetic acid at a flow rate of 2 ml/min (Fig. 3B) . The Filtering caused no reduction of ABA concentration (Table  IV) . These samples were handled on an aliquot basis to correct for volume loss. Ninety-five per cent of the radioactivity was recovered in the ABA-containing fraction from each column. Table V shows the minimum amount of ABA that can be quantified using either analytical HPLC or GLC-EC. HPLC using ,uPorasil and puBondapak-NH2 columns have a lower limit of detection of 500 pg ABA/injection while the lower limit of detection using GLC-EC is 10 pg/injection. An advantage of the analytical HPLC system is the ability to use large injection volumes, thus making it possible to quantify a larger portion of the total sample per injection. Therefore, the minimum quantity of ABA needed in. a sample is relatively similar for the two techniques. Quantification by analytical HPLC requires 40 times less sample dilution than by GLC-EC. Thus the precision achieved should be greater with the analytical HPLC than with GLC-EC.
The ABA elution times and turn-around times are very similar for the analytical HPLC and the GLC-EC. The analytical HPLC procedure does not require the sample to be derivatized and offers easier sample collection after quantification. The major limitation of analytical HPLC compared to GLC-EC for quanti- Fractions I, II, and III represent material eluted from the repsective columns, before, during, and after the ABA containing fraction. EC.
Calcualted as:
sample size x detection limit injection volume fication of ABA is that a UV detector is not as selective as GLC-EC. This is a problem when ABA is present at levels similar to that of interfering compounds. Additional purification is necessary for such samples before analytical HPLC. Very likely a different type of HPLC separation would be adequate. The advent of more selective detectors will overcome this problem thereby permitting less purification of very complex samples. Additionally, any laboratory planning extensive work with ABA (and perhaps other plant hormones) will find that HPLC offers the opportunity to do both the preparative clean up and the analytical quantification using the same instrumentation. However, one important note of caution is that the use of HPLC for identification and quantification of plant hormones may be quite tenuous unless the peaks being identified are first carefully characterized as being pure by either bioassay or preferably GC-MS.
